For the first time, we experimentally and theoretically research about the probe transmission signal (PTS), the reflected four wave mixing band gap signal(FWM BGS) and fluorescence signal (FLS) under the double dressing effect in an inverted Y-type four level system. FWM BGS results from photonic band gap structure. We demonstrate that the characteristics of PTS, FWM BGS and FLS can be controlled by power, phase and the frequency detuning of the dressing beams. It is observed in our experiment that FWM BGS switches from suppression to enhancement, corresponding to the switch from transmission enhancement to absorption enhancement in the PTS with changing the relative phase. We also observe the relation among the three signals, which satisfy the law of conservation of energy. Such scheme could have potential applications in optical diodes, amplifiers and quantum information processing. 
Introduction
Four-wave mixing (FWM) is a nonlinear optical effect that generates light with different frequencies and different quantum properties. Experimental and theoretical studies show that atomic coherence of the electromagnetically induced transparency (EIT) plays a critical role in the nonlinear wave-mixing process [1] [2] [3] [4] [5] [6] . Under EIT conditions FWM signals can be allowed to transmit through the atomic medium and also the fluorescence induced by spontaneous emission can be generated [7] [8] [9] [10] . Due to the two counter propagating coupling fields, the EIT-based nonlinear schemes can be driven by traveling wave beams as well as by a standing wave (SW). The large nonlinearity was obtained in an atomic system driven by two counter propagating coupling fields which form a SW if the two counter propagating coupling fields have the same frequency [11, 12] . Interaction of the SW with the atomic coherent medium results into an electromagnetically induced grating (EIG) [13, 14] , which possesses photonic band gap (PBG) structure as shown in Fig. 1(c) . Such EIG has a potential use in all optical switching [15] , manipulation of light propagation to create a tunable photonic band gap [16, 17] .This research can also be used to make optical diodes. The idea proposed here for optical diode implementation is a photonic crystal generated from a periodic modulation of the optical properties of a medium, which leads to the formation of a band gap. Light is transmitted through the crystal if its frequency is outside the gap, but it is not transmitted if the frequency is inside the gap. Due to the Doppler Effect, the counter propagating light are blue shifted and the co-propagating light is red shifted in the reference frame of the moving photonic crystal [18] . If only one of the shifted frequencies is inside the gap optical diode is formed. Optical non reciprocity of cold atom Bragg mirrors in motion may also be used to make optical diode [19] .
In this paper, we investigate the optical response of hot rubidium ( 85 Rb) atoms driven by a stationary SW coupling field and probe field, from which the PBG structure and four wave mixing band gap signal (FWM BGS) and probe transmission signal (PTS) can be obtained. For the first time we observe optically controllable PBG structure based on an EIT medium driven by a SW field. By optically controllable PBG structure not only we experimentally observe PTS, FWM BGS and Fluorescence signal (FLS), but also observe the enhancement and suppression of these signals under the double dressing effect in an inverted Y-type four level system. Furthermore by measuring the above signals we observed that they satisfy the law of conservation of energy, this information can be used to enhance any one of the signals at the cost of suppressing the others. By finding a strong relation among the signals we are able to find the optimal condition of any one of these signal which can be of interest for particular applications. One example of this is the optimized enhancement of FWM BGS may be used to make optical amplifiers. We also demonstrate that the characteristics of PTS, FWM BGS and FLS can be controlled by frequencies, powers, and relative phase of dressing fields; this information may be useful for the enhancement and modulation of the signals which highlights the signification of this research work. Optical response of medium is also examined by resorting to a set of nonlinear coupled wave equations, which is a powerful tool [20] [21] [22] [23] for describing the nonlinear interaction of light fields in such a dressed medium and are here used to test the validity of the experiment result. The experiment was implemented in a cell with rubidium ( 85 Rb) atomic vapors at temperature of 53 °C with four energy levels consisting of 5S 1/2 (F = 3)(|0), 5S 1/2 (F = 2)(|3), 5P 3/2 (|1) and 5/2 5D ( 2 ) as shown in Fig. 1(a) .The laser beams are aligned spatially as shown in Fig. 1(c) .
Basic theory and experimental scheme

Experimental setup
Probe laser beam E 1 (frequency ω 1 and wave vector k 1 ) probes the transition |0 to |1. The two coupling laser beams E 3 (ω 3 , k 3 ) and E´3 (ω 3 , k´3) with wavelength about 780.238 nm and a vertical polarization are split from an external cavity diode lasers (ECDL) connect the transition |3 to |1. The dressing laser beam E 2 (ω 2 , k 2 ) with wavelength of 775.978 nm and vertical polarization is from another ECDL drive an upper transition |1 to |2. The powers of E 1 , E 3 and E 3 ' are 2.1 mW, 13.2 mW and 8.4 mW, respectively.P 2 is set to 21mW in our detuning and phase experiments. The coupling field E 31 = ŷ[E 3 cos(ω 3 t−k 3 x) + E′ 3 cos(ω′ 3 t + k′ 3 x)], composed by E 3 and E´3, which propagates through 85 Rb vapor in the opposite direction, generate a standing wave, which results into an EIG. Furthermore EIG will lead to a PBG structure as shown in Fig. 1(b Fig. 1(c) . Generated FWM BGS and PTS are detected by a photodiode (PD1) and avalanche photodiode (PD2) detectors respectively. In addition, two fluorescence signals caused by spontaneous decay are measured. The second order FLS R 0 and fourth order FLS R 1 signals are generated due to the spontaneous emission from 1 to 0 and 2 to 1 , respectively. The fluorescence signals are captured by another photodiode(PD3).
Basic theory
According to the energy system and Liouville pathways, the first-order and third-order density matrix elements are given as follows
where
.
 is the Rabi frequency with transition dipole moment i μ , [24] in which way the relative phase ϕ Δ related with the orientations of induced dipole moments 1 μ and 2 μ could be manipulated and Eqs. (1)- (2) can be modified as follows:
According to the relation ε 0 χE = Nμρ, in which μ is the transition electric dipole moment and N is the atoms density, we have formulas for the first and third order susceptibility as follows.
In order to estimate the reflection efficiency, we start from the nonlinear coupled wave equations,
Where E 1 (x) and E F (x) represents the probe and FWM BGS fields, respectively, α = (ω 1 /c)Imχ´ ( 1) /2 is the attenuation of the field due to the absorption of the medium and k = 
Where 
the amplitude squared of which is proportional to the intensity of R 0 . When the beams E 2 is turned on, the fluorescence process R 0 doubly dressed, described by the Liouville pathway 
where 4 2 1 2 d i = Γ + Δ , the amplitude squared of (4) 22 ρ is proportional to the intensity of R 1 . By considering the dressing effect of E 2 , the dressed fluorescence process R 1 is given as
By The system obeys law of conservation of energy, according to which
where I in is intensity of the incident probe, I R0 is intensity of fluorescence signal R 0 , R is reflected four wave mixing band gap signal and T is the transmission of probe signal. The condition of generating PBG structure is that the medium should have a periodic refractive index. According the relation of the refractive index with the susceptibility, i.e., 1 Re( ) n χ = + , in order to get the periodic refractive index, the susceptibility should also be periodic. Further we should generate the periodic energy level structure for getting the periodic susceptibility. Hence, by introducing periodic standing wave field E 31 , we can obtain the periodic energy levels as shown in Fig. 2 . In Figs. 2(a1)-2(a3) values are also periodic along x. Thus we can obtain the periodic energy levels as shown in Fig.  2 (b1)-2(b3). When the probe reaches two-photon resonance Δ 1 -Δ 3 = 0, absorption will be suppressed, i.e. the PTS becomes strong. At the same time, the FWM BGS will be suppressed correspondingly. Thus, we define Δ 1 -Δ 3 = 0 as the suppression condition. When E 2 is turn on, |G 31 +  is further split into two dressed states |G 31 + G 2 ±  due to the second level dressing effect of E 2 , moreover 31 2 + G G ± move with changing Δ 2 as shown in Fig. 2(c1)-2(c2) 
.The same way 31 -G is further dressed into two second level dressed states 31 2 -G G ± as shown in Fig. 2(c4)-2(c5) 
.In Fig. 2(c3) , because of three photon resonance with 1 2 3 Δ = −Δ = Δ only two dressed states appear. Thus we also obtain the double dressed periodic energy levels as shown in Fig. 2 (d1)-2(d5). First, we observed the PTS, FWM BGS and FLS when we scan the probe frequency detuning Δ 1 . When E 2 is blocked in Fig. 3(a1) , there is a Doppler absorption background at the single-photon resonant condition Δ 1 = 0 due to the term d 1 = Γ 10 + iΔ 1 in (1) 
Results and discussions
ρ of Eq. (1), the energy level 1 can be dressed to influence PBG structure so that the PTS increases as shown in Fig. 3(a2) . The PTS reaches maximum at Δ 1 = Δ 3 = -Δ 2 due to double dressing effect of E 2 and E 3 (E´3) according to (1) 10 ρ . In Fig. 3(b1) the emission peak is FWM BGS give by R in Eq. (9) which is from the reflection of the PBG structure. With E 2 on, the FWM BGS will be suppressed due to the dressing effect of E 2 according to
ρ as shown in Fig. 3(b2) . Suppression condition is Δ 1 + Δ 2 = 0. In Fig. 3(c1) , the profile curve represents the second order FLS R 0 related to (2) 11 ρ . The small dip in the profile curve is induced by the dressing fields E 3 and E´3, which appear at Δ 1 = Δ 3 according to
ρ . When E 2 is turn on, a narrow emission peak appears in the profile curve shown in Fig. 3(c2) , which is the fourth order FLS R 1 related to (4) 22 ρ .Compared to Fig. 3(c1) Figure 4 (a1) represents the second level dressed PTS. The profile (dashed curve) of these PTS baselines shows Doppler absorption background with a peak on it. The profile peak is the intensity of single-dressed PTS induced by E 3 and E 3 ', which appear at Δ 1 = Δ 3 according to intensity of the PTS induced by E 3 (E´3). Peaks in the baselines at Δ 1 = Δ 3 shows the enhancement of the PTS induced by the second level dressing effect of E 2 .Changing P 2 from small to large values, the peaks becomes higher due to the dressing term
ρ of Eq. (1). The FWM BGS signal intensity is shown by the baselines in Fig. 5(b) . Dip in the baseline shows suppression of reflected FWM BGS signal because of the second level dressing effect of E 2 according to the dressing term
ρ of Eq. (2). The dip is shallow at small values of power and become deeper with increasing P 2 due to the enhanced dressing effect of E 2 .In Fig. 5(c) ρ , which become higher with increasing the power of the dressing field E 2 . By observing these three signals we conclude, with the PTS increasing, the FWM BGS and FLS R 0 decrease to ensure the conservation of energy according to Eq. (17). 
Conclusion
In summary, the single-dressed and double-dressed PTS, FWM BGS and FLS are compared for the first time to deeply comprehend the double-dressing effect on the PBG. We experimentally and theoretically demonstrated that, PTS and FWM BGS and FLS can be manipulated by multiple parameters like, changing power, detuning and relative phase of incident beams. We also observed, the three types of signals satisfy law of conservation of energy. Such research could find its applications in optical amplifiers and quantum information processing.
